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RESEARCH LABORATORIES FOR THE ENGINEERING SCIENCES

Members of the faculty who teach at the undergraduate and graduate levels and a number of
professional engineers and scientists whose primary activity 1s research generate and conduct the
investigations that make up the school’s research program The School of Engineering and Applied Science
of the Unwersity of Virginia believes that research goes hand in hand with teaching Early in the
development of its graduate training program, the School recognized that men and women engaged In
research should be as free as possible of the administrative duties involved in sponsored research In 1959,
therefore, the Research Laboratories for the Engineering Sciences (RLES) was established and assigned the
administrative responsibility for such research within the School

The director of RLES—himself a faculty member and researcher—maintains famiharity with the
support requirements of the research under way He is aided by an Academic Advisory Committee made up
of a faculty representative from each academic department of the School This Committee serves to inform
RLES of the needs and perspectives of the research program

In addition to administrative support, RLES 1s charged with providing certain technical assistance
Because 1t 1s not practical for each department to become self-sufficient in all phases of the supporting
technology essential to present-day research, RLES makes services avatlable through the following support
groups Machine Shop, Instrumentation, Facilities Services, Publications (including photographic facilities),
and Computer Terminal Maintenance
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I. INTRODUCTION

This report presents the results of a study on the evaluation and
reduction of noise impact to a community due to aircraft operation.
Existing techniques have been used to assess the noise impact and to
optimize the flight paths of an approaching aircraft with respect to the
annoyance produced. Major achievements have been: (1) the development
of a population model suitable for determining the noise impact,

(2) generation of a numerical computer code which uses this population
model along with the steepest descent algorithm to optimize approach/
landing trajectories, (3) implementation of this optimization code

in several fictitious cases as well as for the community surrounding
Patrick Henry International Airport.

Previous work has centered on developing noise annoyance criteria
for flyover (i.e. NEF, NNI, CNR, etc.) and ground noise signatures for
aircraft. Some of these criteria are discussed in References 1-5 with
a review of many of the noise effect measures being summarized in Ref. 6.
Typical of the noise footprint work is Ref. 7. The annoyance criterion
used in the study is the noise impact index (NII).

The details of the models used, their advantages and disadvantages

and the results obtained are outlined in the following sections.



II. PROBLEM FORMULATION

A. Overview

Analysis of the problem consists of six parts: (1) aircraft
noise signatures, (2) population models, (3) cost (annoyance) function,
(4) aircraft flight-path model, (5) aircraft constraints, and
(6) approach/landing path optimization. A modular concept has been
employed so that modification of any of these segments may be effected
with relative ease. The sections below describe each of these parts
in detail.

B. A/C Noise Signature

The aircraft noise signature is obtained using data from Ref. 3.

Here the effective perceived noise level (EPNdB) is given as a function
of slant range to the closest point of approach for a variety of
aircraft. A typical plot of the slant range variation is shown in
Figure 1. These data were fit using standard least squares techniques
to yield an expression for EPNdB given by

EPNdB = 115-22.5 logjg * (Slant Range). 1
This equation is used for calculation of the maximum noise level at
each location for a flyover. A typical footprint for a straight in
approach along a 3-degree glide slope is shown in Figure 2.

C. Population Model -

To model the population, a map of the community is overlaid with
a grid and the population in each section of the grid determined. The
population distribution within each section is assumed to be uniform.

Several grid geometries were examined (see Figure 3). These geometries
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included: (1) rectangular sections of equal size, (2) rectangular
sections whose dimensions increased with distance from the airport
runway, and (3) concentric circles divided by several radial lines.
The second scheme was chosen since it requires fewer rectangular
sections than the first and is easier to implement than the third.
Computer time required for determining the optimum trajectory varies
directly with the number of grid sections. Furthermore, in light of
the dependence of noise levels on distance and the fact that the
aircraft has higher altitude when further from the runway, the need for
high resolution of the population density diminishes with distance from
the airport. While the third population scheme could offer this same
advantage, it is somewhat more difficult to determine the population
and noise impact for each grid section with such a geometry.

Within a grid section, the population is determined by use of the
SITE II system, (Ref. 8), available on the CDC 7600 computer at the
NASA-Langley facility. This system requires as input the latitude and
longitude of a reference point and the coordinates of the corners of
each rectangular section. Although SITE II allows for simple retrieval
of 1970 census data, there is some question about its resolution
capabilities for small grid sections. In addition, in rapidly growing
areas the population data may lag actual population. The SITE II
program is capable of producing detailed census infé;mation as shown

in Figure 4. However for the present analysis only population

information is used.
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D. TFlight Path Model

There are two ways in which the trajectory of the aircraft can be

determined. In one, a discrete time integration of the equations of

motion with control deflections yields point by point spatial coordinates

and orientation. Although this allows the flexibility of building in

control constraints as well as dynamical constraints (e.g. max roll angle)

it requires a considerable number of states to be stored in the
optimization routine. In a multi~-aircraft, multi-runway problem, as is
anticipated, these storage requirements become prohibitive.

Thus, another method was adopted which utilizes only the functional
form of the trajectory to describe the flight path. First a starting
path was assumed which went from the initial point to the desired
runway and ended up with the proper heading, i.e., velocity vector
aligned with the runway. The following equation was used to generate

this starting trajectory. (See Figure 5).

yg(x) = ;{—i—:——i—g (x-xp) + (yp-vo)| EXP [—C(X-Xf) /(xo—xE)]+ Yo
’ (2)

For the vertical motion a simple three degree descent path was
assumed.

Next the first five Fourier sine harmonics were used to introduce
deviation from this starting path. One advantage in using this type
representation is the fact that each of the forms contributes zero at
the end points. Therefore if the starting path satisfies the boundary

conditions the curve with the deviations will also. An exponential

decay at the final point was used to eliminate heading deviations.



Figure 5.

Rotated Coordinate System for Establishing Nominal Flight
Trajectory from Initial Point to Runway Approach.

X



The equations with the deviations thus become

5
y(x) = z aisin[wi(x—xo)/(xf—xo)]} {L—EXP[(x-xf) /Ci]} + yg(x)

i=1
(3a)
5
z(x) =( ) BisinEni(x-xo)/(xf-xb)?} {}—EXP[(X-Xf)/Cii}'F Zg(x)
i=1
(3b)

A second advantage to using a Fourier Series representation for the
curve is that it provides a means of representing a function with a finite
number of parameters. This reduces the optimization problem from a
variational one to an ordinary one.

E. Constraints

The use of a functional form of the flight path for the trajectory
requires the reformulation of constraints into parameters which can be
used in the optimization. This is accomplished by translating the
steady state solutions of the lateral and longitudinal perturbation
equations into geometric constraints. An exact derivation is given in
Appendix A. The constraints are incorporated by determining maximum
curvature and slope parameters as a function of aerodynamics and
physical constraints. For example the constraint of a maximum roll
angle, épax, yields

d2
E§% CotC1C3  dnax

L+(%z)2 = T4+C1C5 Vayg - *)
X

where C1 through Cg5 depend upon aircraft stability and control derivations
(see Appendix A for details) and Vavg is the average velocity. Similar

expressions are given in Appendix A for constraints on aileron rudder

10



and elevator deflection, flight path angle and pitch rate limits.

F. Cost Function

A large number of criteria have been proposed by evaluating noise
annoyance (e.g., EPNdB, NII, sleep interference index, speech inter-
ference index, etc.). The recent trend in noise assessment work is
toward a universal measure-—-the noise impact index (NII). This measure
is a weighted day-night model which accounts for population density.

It is described in detail in Ref. 9. Briefly, the total population
exposed to each incremental average day-night model sound level is
multiplied by the weighting function for the level. The weighting
function used in shown in Figure 6. This weighting factor W(Lgp)
multiplied by the population exposed to that Ly, is summed and

normalized by the total population giving the Noise Impact Index for

the area. z P(Ldn)w(Ldn)

n
NII = (5)
Z P(Lgp)
Lan
The cost function or payoff for the optimization procedure is
taken to be the NII plus penalties for violating constraints. Basically
the optimization procedure is set up to "drive" the aircraft trajectory
to the path which will minimize the NII and at the same time not
violate any constraints. As an example of the constraint of flight

path angle not exceeding a maximum descent angle, Y4, nor a maximum

climb angle, Y., is written as

tanY¥. < %% < tanYg4 (6)

11
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Each is converted to a penalty which is added to the NII in the form
_ dz 20 dZy20
Cost = NII+(z /tan¥p"" + (tan¥c/g) (7

As is seen for values of the flight path angle within the allowable
range the penalty is negligible; however for values outside this range
the penalty and thus the increase in cost is great., Other terms are

added in a like manner.

13



III. OPTIMIZATION
The optimum trajectory is determined by calculating values of the
ai's and Bi's (Eq. 2) which minimize the total cost (NIT plus penalties).
A steepest descent algorithm is employed here. Basically, this method
computes the gradient of the cost function, C, with respect to the ai's
and B4's, then searches along the negative gradient direction for values

of aj's and Bi's which reduce the cost. The change in cost is given by

5
AC =}

GE- nay + $E-81) (8
i=1 i 1

Bal

The process continues iteratively until the cost converges to within a
specified tolerance. While implementation of the algorithm is fairly
straightforward, convergence near the optimal set of ai's and Bi's is
inherently slow. Most of the cost reduction, however, occurs in the
first few iteratioms.

A. The Optimization Algorithm

A computer code has been developed which implements the functions
described above. Figure 7 shows a flow chart for this code. Initial
data (population map, aircraft constraints, initial and final aircraft
positions, etc.) are required for each airport/airplane configuration
to be evaluated. To facilitate calculation of the TFourier coefficients,
the coordinate axes are rotated such that a line joining the initial and
final aircraft positions is made to be parqllel to the x axis. A nominal
trajectory is generated which constrains the heading of the aircraft to
asymptotically approach the runway. The steepest descent search then

begins and continues until the stopping criterion is met. This criterion

14
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is met if successive improvements become negligible.

In order to provide a more accurate noise impact in each population
section the impact is integrated using quadratures. This procedure can
be found in Ref. 9.

The various functions such as the population model, the cost function,
and the aircraft signature are incorporated as subroutines. This will
allow ease of upgrading or modification if different models are desired.

Appendix B contains the Fortran code as written for a CDC Cyber 172

machine.
B. Results

Several cases have been run to test the benefits that can be
obtained by this approach. First, a fictitious set of data incorporating
a population valley is used. As can be seen in Figure 8 the optimization
algorithm moves the aircraft (a Convair 880) towards the valley (i.e.
fewer people impacted) with a corresponding improvement in the NII of
327%.

The second case models the Patrick Henry Airport in Hampton,
Virginia. Here the SITE II program was used to generate the census
data for each block as shown in Figure 9. Two 1nitial trajectories
were flown. One entering the area from the northwest over the
Swing VOR station and the other from the southwest over the Franklin
VOR station. Both of these paths are specified IFR trajectories
(Figure 10). The aircraft enters the area approximately 30,000 meters
from the runway. In addition several straight-in paths were

evaluated. TFigure 9 shows each of the trajectories. The associated

16
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Table I
Northwest Approach

Entry Point: Swing

Traj. Cost % Change from
No. Description (NII x 10°2) Present
1 60 deg wrt runway 2.373 +3.2%
2 30 deg wrt runway 2.438 +6.0%
3 Initial dteration 2.27 -1.3%
4 Optimal 2.213 -3.8%
5 Straight in 2,316 +.1%
N1 Presently used 2.300 0%
Table II
Southwest Approach
Entry Point: Franklin
Traj. Cost % Change From
No. Description (NII x 1072) Present
5 Straight in 2.316 -1.3%
6 Initial iteration 2.408 +2.6%
7 Optimal 2.241 -4.57%
8 30 deg wrt runway 2.598 +10.7%
9 60 deg wrt runway 2.687 +14.5%
N2 Presently used 2.346 0%

20



NII's are summarized in Tables I and II.

As is seen that even for this case, where the population is sparse
away from the runway and congested near the end of it, an improvement
of 3 to 5% is achieved using the optimization algorithm. It should
also be noted that this technique allows not only the optimization of
the path but also can be used to evaluate existing or proposed paths,
such as the nominal and straight-in paths indicated.
Conclusion

A method has been formulated to optimize the path of an aircraft
during approach or take-off from any airport. Models have been developed
using available data where possible for population, aircraft signature,
noise impact, constraints and flight path. An algorithm using steepest
descent has been implemented and tested. This approach allows

1) The evaluation of the noise impact of existing flight paths,

2) The evaluation of the noise impact of proposed flight paths, and

3) The optimization of the flight path to minimize the noise

impact under constraints.

This method has been applied to the Patrick Henry International Airport.
Both nominal and other straight paths were evaluated. Also an optimal
path was determined for each of two terminal area entry points.
Performance ranged from a 15% degredation of the NII to 4.57 improvement
compared to the presently used approaches. It is significant that as
much as 3 to 5% improvement could be achieved in light of the fact that

most of the population is concentrated at the end of the runway.

21
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APPENDIX A
Derivation of Parameterized Trajectory Constraints

Lateral perturbation equations

b . mg mV b : mg .
The —_— —— —_ - — -—
Y eq'n: Ve Cyp¢ .5 cosd,d + (qu 2y Cyr)W .5 sin6 Y
oV & _ -
t s B CyB T Oy SatCy, Sy
a r
L eq'n: 22§ -2 ) Ixz 5 _ b ¢ §_c, B=cC, 64C, 8
amt st T 2vp 2 q_Sb V. 8 % g, %a™Cr; °p
T B S, r
I . I .
' Xz b . ZZ b
: - - + 22y . 2 - = +
N eq'n a_5b ¢ g Cnp¢ q Sbw 2y Cn Y CnBB CnsaGa Cnardr
If we assume all turns to be coordinated (no sideslip)
Then letting - —h—-C = C. etc.
m — m . =
aig cosb, = g1 Eig sinfy = g9
Ixx mVr _
o5~ ix etc. a5 =
L eq'n: ix¢—CZp¢—iXZW-C£rW = CQ@ Ga+Cz Sy
a ar
N eq'n: —ixZ¢—Cnp¢+iZW—Cnr? = Cn6 8, +C, Oy
a Sp
Toqe _— ._— __— .__ = -
Y eq'n: Cyp¢ g + (m CYr)Y go¥ Cy836a+cy8 S, (2)

Taking the Laplace transform (I.C.'s = 0)

L eq'n: (iXSZJEzps) ¢ (s) + (—iXZsz—Eirs) Y (s) = Czaaéa(s)+026r6r(s)

A-1

¢H)



N Eq'n: (-ixzsz;ﬁ ) ¢ (S) + (izSZ_Can) v (S) = Cn(S 5a(S)+Cn6 8 (S)
a r

np r

Y eq'n: (_E&ps_gi) $(s) + [(m—Cyp)s—gz]W (s) = Cyaaéé(s)+cy6r6r(s)

(3)
To determine the required §, for a given S, we consider 6, an unknown
along with ¢(s) and ¥(s) [i.e. move Ga to the left hand side of the
equations] and solve for 63/6r using Cramer's rule
. 2= . 2 =
igs _Cl s -ix,s -Czrs +C2ar
%
i 2.7 . 2_
1XZs Cnps i,s Cnrs +Cn6r
—Cyps—gl (m,—Cyp)s—g2 +CY8r
Sa _ = NGs)
Sy ) = ) = A(s)
iys -Czps ~i,Zs —Czrs _0263
. . 27 -
-iyZs Cnps +1Zs Cnrs Cnda
_Cyps—gl (m—Cyp)s—g2 —Cyéa
The denominator (characteristic eqn.) is given by:
As) = s*{-C, (i i,-12Z)}s3{c, [i,C, +i,Cq +iy (C, +Cy )]
(=) Ysa X2 7% ) Ysq 2 %p X npt Xz T
+Cn5a["ixzcyp+ (m-Cy_)ix]+C ’Léa[ixcyl’_ (m-Cy,)ixZ]}
2 ~ __' -~ g _'_. Pa——-) = _ _:— ~
+s {Cysa(canRr Czpcnr)+cnﬁa[ 1XZgl 1xgz Cypczg (m Cyr)cgp]
+, [gliz—gzlxz—cypcnr+ (m-Cy,)Cn, 1}
Ga
+s{Cn6a(gZCgp-glczr)+Cgaa(ngnp— 1Cnr)} (5)



The numerator is:

L . . a2 3 R
N(s) = s'{C i i,-i2ZMs {—Cy i,Cp +i C, +i., (G _+C

Yar

[ -i zcy +(m-Cy Yigl- Cla (n Cy )ix2]}
r

21 c . . O _ = P Y= S -
+s2{ cysr(cnpczr Cg,Cn) Cnéa[ ix 81-1x8y~Cy,Cr ~(m Cy)Cr, ]

-Cy r[_liz 8y iyl cypc +(m-Cy_)Cn 1}

+s{—Cn6r(gzczp—glclr)—Cgsr(gZCnp—glCnr)} (6)

Now assuming that only the steady state (st. st.) condition is of

interest,

Lim N(s) _ ,8g.
S+0 A(S) - (ar) st. st.

Sa _CHGr(gQCZP"giCQr)‘ngr(gzcnp'glcnr)

) st. st. = — =
(Gr) Ca, (®C5,,781 T2, ) +Ca5, (8Cn =81 Chy) 7
a

cosd (C., Cqy +Cp Cpn.)=-sin6,(C., C, +C,_ Cp.)
o( nG} lr RGr nr) o n6r lp zdr np

ba
Qg;) st. sc. = -cosBo(Cnaaczr+CzaaCnr)+31n90(Cn6a02p+CgaaCnp) (8)

For small initial flight path angle (i.e. 6010)

(G7) st. st. = - CnGnglf+C26rCnr =C (9)

Assuming 0,=0 to simplify we can write the transfer functions for ¢ and

¥ as (in the st. st.)



Cug Cng~Cns Cog

5_‘¥ TS = = C2 (10)

r CQ’BCnr-CnBCQ'r

; C%acnﬁ_cnaaclﬁ

5, - - = C3 (11)

) Cy 5 (C;LrCnB-C 23Cnyr)+Cy 5 (Cy,CnrtCng m-Cy,))+Cn 5, (Cpg (m=Cyy)+CyaCo )
. g — —

r -

9,5 (CogCny=Cng )
- G (12)

¢ ©5s., CoxCngCgOne)¥025 (CygCnr*lng (@-Cy))+Cng, (Cpg(m-Cyy)+CygCy,)

i

mg  o_c 0
qws (CZBCnr CnBC’q'r)

=% (13)

Consider the aircraft trajectory shown

]
5+
t




The slope at any point is éz-and the angle the slope makes with the

dx

x axis is tan” ! Gb%.

The angular rate W is then-%g tan_l(dy)
_a._ -1 QZ g’-}i = -1
or 5o {tan™" 37} ¢ Vavg ax {tan ( )}
&2y
1"
_ > _ (x)
Then ¥ Van dx an 1 £n (X)
dyy 2
l+(dx)

If we know §, we can determine Ga from 6,

Also ¥ = Cp6,4Cq8, = (Co+Cy+C3)6.

We can also write

b = C46r+C55a = (C4+C1C5)5r ,
Constraining 85 to be < aamax s
§, to be < Tmax s

and ¢ to be £ ¢ max

we get the following expressions

émax

Gr C4+C1C5

A

1

Sy 2 5rmax

6amax

¢

Sr

A

3

= C18y

(> max bank angle)

(14)

(15)

(16)

an

(18)

19

(20)

(21)

(22)



The constraining value is given by

6rmax = min(6r1,5r2,6r3) 23)

which yields

This condition incorporates all three constraints ((17)-(19)) as

2y
dx £ (%) (Co+C1C3) .

= 1 7 < min ((Sr ,ar ’6r )
1+(g§)2 1+ ' (x) Vavg 1 2 3

Longitudinally we wish to constrain the behavior of the trajectory so
that we restrict y (the flight path angle) and © (the pitching rate).

The trajectory is given by
> .8

Z = g(x)

!

Then, assuming the aircraft center of mass follows this trajectory Y is

given by
- pan-1 42
Y = tan™" go
or -
dz _
ax tan Y

We wish to constrain Y to a maximum descent angle, Ydpax and a maximum
angle .

8les Yepax
Thus

dz
< = <
tanchax S tan Ydp,x

A-6
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PROGRAM NOISE 737172 TS FTN 4464452 04/27/79

OoOOONO0O0O0n

OO0

(s XaXzNsXaXa el

c
c

PROGRAM NOISE (INPUT OUTPUT s TAPES=INPUTTAPES=0UTPUT TAPEST «TAPEYS
1+TAPESY)

COMMON ALFA(S)+BETA(S)POSIT(5343) 4 ARRAY(578,9) ¢NMAP

COMMON /CURVE/ YCURVE(S1)+ADY(51),ADDY(51)

COMMON /LABEL/ LINFO(4).LLOC(3)

COYMON /ZAIRPIRT/ XPORT.YPORT+ZPORT

COMMON /SCALE/ XMINJXINCeYMIN,YINC

INTEGER COJNTHALF

DIMENSION ALFAOD(S)e BETAOD(S)e GY(S5)s GZ(S)s DALFAIS). DBETA(S)
DIMENSION AGY{(S5)e BGY(5)¢ AGZ(5)e BG2(5)

€8 €0 000000000805 000000000000000000000000000000000000voetorrscoseosrse
. .
. READ MAP FROM DISC INTO MEMORY .
. .
000000000000 008 8000000000000 s0000a0s0cstoasovottoretore®orsioncesegnse

READ (Se%) All.A12

READ (5+%) NMAP+XPORTOYPORTO

READ (5¢%) ((ARRAY;14J)ed=149)91=14NYAP)
.’".'..0'.0000‘..00'0'010‘.OC.Q‘.OC.0.0‘0.'.0..'.l...".".l'.’l."'
. .
. INPUT INITIAL CONDITIONS ¢
. L]
IDDo..Do.AOQ......QQ.00!l‘clQQJOC.!.QcQ..ctl‘ot'.ol‘.lo....l.'.oﬁc!..

READ (54%) MAXIToYALLOW¢ZALLOWs CALFACT) +I=145) ¢ (BETACI) ¢12105) X0y

1Y0¢ZOeXFoYF 4 2ZF

READ (5¢9100) (LLOC(I)¢I=143)¢(LINFO(I)eI=104)

WRITE (6491310) (LLAC(II+I=143)¢(LINFO(T)eTI2104)

WRITE (649120} MAXIT

WRITE (649010) XO+»Y0+204XFeYF4ZFeXPORTOYPORTO

WRITE (6+5130) YALLOW+ZALLOW

WRITE (6+9020) Al1,A12

WRITE (649140) (I+ALFA(I)BETA(I)4T31,45)
lolcooo-o-vo-oo-'-o-o-utl-.oooto-.oo----..'oo.oonoooo-ooooooo-oo-.o'o
. .
. COORDINATE ROTATIUN .
. .
"."'.J'l"...'OO".'U".l.c.lll..IQ..Clllll..'0.0"!!0.0.00.'.."‘.

THETA = ATAN2((YF=Y0) ¢ (XF=X0))

A= (XF*COS(THETA)OYF‘SIN(THCTA))-(XOtCOS(THETA)+Y0‘S!N(THETA))

PHI = ATAN2((ZF=20y+A)

X0CAP = XO‘COS(THETA)#COS(PHI)OYOtCOS(PHI)‘S!N(THET‘)#ZO*SIN(PHI)

XFCAP = XF‘COS(YHETA)tCOS(PHl)*YF#SIN(!HETA)*COS(PHI)OZFtS!N(PHI)

XPORT = XPORTO‘COS(THETA)‘COS(PH!)*YPORYO*SIN(THETA’tCOS(PHI)

YOCAP = =XO#SIN(THETA)+YOsCOS(THETA)

YFCAP = =XF*SIN(THETA)+YF*COS(THETA)

YPORT = =XPORTO*SIN(THETA)+YPORTO#COS(THETA)

20CAP = -XO#COS(T"ETA)‘SIN(PHI)-YO'SIN(THETA)*SIN(PHI)*ZotCOS(PHX’

ZFCap = -XF‘COS(THETA)tSIN(PﬁI)'YF*SIN(THETA)‘S!N(PHI)OZFtCOS(PHI)

IZPORT = ~XPORTO*COS(THETA)#SIN(PHI)=YPORTO*SIN(THETA) *SIN(PHI)
no-oonooo.ounc..ooo-o-uo.o.-ooooo.o-o.oo..oo0-ooo..uotoooooooocoo.ol'

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
500
310
320
330
340
350
360
370
380
590
400
410
%20
430
440
450
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490
500
510
520
530
940
550
560
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PROGRAM NOISE 73/172 TS FTN 4e64452 04/27/779

[sNeNeNaNel

OO0 0O0

O0OOO0000

L] .
0 START OPTIMIZATION D
. .

0000000000000 00 seesssteentssstiostsecetescttotltoret®orntorsocsnssgone

INDEX = O
OLXCAP = (XFCAP=XOCAP)/50,

000000000000 00000000000000008000008 0000000008000 8800009000000 0 000009000

.
*
0 FIRST FIND A CURVE WHICH FORCES THE HEADING OF THE .
. AIRCRAFT TOWARD THE RUNWAY AT THE FINAL POINT D
.
.

00 0000000000000 0000 00800000 tesistsrstanssseetsertions®ototorstoscnegsnse

SLOPE = (YFCAP=YPAAT)/(XFCAP=XPORT)

YCURVE(1) = YOCAP

ADY (1) = 0o

ADDY(1) = 0.

XCAP = XOCAP

00 10 I = 1450
XCAP = XCAP+DLXCAP
EXPO = «5,%(XCAP=XFCAP)/{(XOCAP~XFCAP)
YCURVEC(I+1) = (S|.OPEx(XCAP=XPORT)+(YPORT=YOCAP))«EXP(EXPO)+YOCAP
ADY(I+1) = =5.,/(XOCAP=XFCAP)*(YCURVE(I+1)=YOCAP)+(SLOPE)*EXP(EXP
0)

! RAODY(I41) = ({=5./(XOCAP=XFCAP))*#2)#(YCURVE(I41)=YOCAP)+(~5./1X

1 OCAP=XFCAP))*SLOPE#EXP(EXPU)*2,

10 CONTINUE

COUNT = 0,
000000000000 0000 000000000000 000800000000008000000000e000080000 0000000
L]
.
. INITIAL COST .
.
.

000000000000 00000000a00000000000000000000nttssnstonstecsotestincoccnstoe

XMIN = «40000
XINC = 2500
YMIN = =40000
YINC = 2500

H = 0,07

CALL COST (B8+1¢XOCAP,YOCAP12Z0CAP ¢XFCAP«DLXCAP s THETAIPHI+TOTALPNAL
17Y)
COST1 = TOTAL
A = COST1-PNALTY
WRITE (6¢9150) COUNT+COST1¢AtPNALTY
WRITE (649220)
WRITE (649230) ((POSIT(IsJ)ed=193)+122451)
WRITE (649030)
00 20 I = 145
WRITE (649040) I+ALFA(I)BETA(]I)
20 CONTINUE
WRITE (649050)
30 DO 40 I = 145
ODALFA(I) = All
%0 DBETA(I) = Al2

PP P PPPDIREPIPPEDIPDPPEPPPPPRPPIPEDPREIPIIPEDPPIIPPPIDPP PDPDDPIPDPIPRPIPIPPIPIPDD

580
390
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
270
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1150
1140



130

140

150

153

160

165

PROGRAM NOISE

NDOOOOO0O0

OO0 00

737172 TS

00000000000 00000000000000000000000l0easctestoioct®eentortetstsssressocns

.

CALCULATE GRADIENT .

19000 000060000 00000 000000060000 00000000000000009000000000%000080000s4000

50 00 60 I = 145

60

70

80

ALFA(IY = ALFA(I)+DALFA(I)

CALL COST (1+0¢XOCAP4YOCAP+2ZOCAP +XFCAP+DLXCAP+THETA+PHIZTOTAL PN
ALTY)

COST2 = TOTAL

GY(I) = (COST2-C0ST1)/ABS(VALFA(I))

IF (INDEX.EQ.0) AGY(I) = GY(I)

IF (INDEX.EQ.1) BGY(I) = GY(I)

WRITE (619160) I,.6Y(I)

ALFA(I) = ALFA(I)=DALFA(TI)

D0 70 I = 145

BETA(I) = BETA(I)+DBETAL(I)
CALL COST (1+0+4XOCAP+YOCAP12Z0CAP+XFCAP+DLXCAP+THETA+PHIZTOTAL PN
ALTY)

COST2 = TOTAL
GZ(I) = (COST2-CoST1)/ABS(OBETA(IN
6Z(i) = 0,

IF (INDEX.EQ.0) AGZ(I) = GZ(I)
IF (INDEX,EQ.1) BGZ()) = GZ(I)
WRITE (649170) 1.6Z(I)

BETA(I) = BETA(I)=DBETA(I}

IF (INDEX,EQ.1) GO TO 190
GYMAX = ABS(GY (1))

GZMAX = ABS(G6Z(1))

DO 80 I = 245

IF (GYMAX,LT.ABS(GY(I))) GYMAX =z ABS(GY(I})
IF (GZMAX,LT.ABS(GZ(1)}) GZMAX = ABS(GZ(I))

0000000000 00000000000000060000e0000000000000000ss0teentonoossscsgess

.
’

DETERMINE SIZE OF STEP CHANGE .

80 000 00 0P eearssteserttenretost?®aotteetensteest®oeetsdetossosonscangree

90

YALLOW = (YALLOW-A11)%0,95+A11
ZALLOW = (ZALLOW=A12)%0,95+¢A12
IF (GYMAX,EQ.D0+) YRATIO =
IF (GYMAX,NE«Oe) YRATIO =
IF (GZMAX,EQeQ04) ZRATIO = 0
IF (GZMAX,NE+O04) ZRATIO =
DO 90 I = 1.5

o.
YALLOW/GYMAX

D
ZALLOW/GZMAX

ALFAOD(I) = ALFA(I)
ALFA(I) = ALFA(I)=YRATIO*GY(I)
BETAOD(I) = BETA(I)
BETA(I) = BETA(I)=2RATIO*GZ(1)

CALL COST (0+04XOCAP+YOCAP+ZOCAP ¢XFCAP«DLXCAPTHETA¢PHI+TOTAL«PNAL
1TY)

COST2 = TOTAL

IF (COST2,GE,COST1) 60 TO 150

100 PRCENT = ABS(COST2~C0ST1)/COST1

PP PP PP PDP PP PP EDI PP PP PEPPPPEDIIPDPPREPRPERPERRPPIEPREIPEPR PP P>

FTIN 4464452 04/271/7179

1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1530
1340
1350
1360
1370
1580
1590
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
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175

180

185

190

195

200

205

210

215

220

225

PROGRAM NOISE 737172 TS FTN 4644352 ous21/779

DOOCOO0O0O

OOO0OOOn

[sNalsNeXgReXe

S0 0000005000000 000000000000000000000000000800000000080000 0000000008000

. .
. STOP CRITERION == PERCENTAGE CHANGE IN COST INSIGNIFICANT .
L] .

000000000020 000000 0000000080000 0000800000000 0600000 0000080000000 q000

IF (PRCCNT.GE.1.E=5) GO TO 110

COUNT = COUNT+1

CALL COST (0+1¢XOCAPsYOCAP+ZOCAP+XFCAPOLXCAPsTHETA'PHI«TOTALsPNAL
17

WRITE (649180) COUNT

CALL MONIT (COUNT COST2¢PNALTY)

stopP

110 CALL COST (0¢1¢XOCAP+YOCAP+ZOCAP«XFCAP+DLXCAP+THETA'PHI«TOTALAPNAL

17Y)

COST1 = TOTAL

COUNT = COUNT+1

A = COST1-PNALTY

WRITE (6+9150) COUNT+COST1¢AtPNALTY

WRITE (6+9220)

WRITE (649230) ((POSIT(I.J)sJ=143)41=1,51)

DO 320 I = 145

000000000 000000000000000000004000000 000000000 00t00adotoeltsssosrnteoioe
L] .
. STOP CRITERION «= ALL GRADIENT COMPONENTS EQUAL TO ZERO .
. .

000000 0300000000000 00000000080¢0 0000600000008 00000000000 000000000

IF (GY(I)eNEsOs) GO YO 130
IF (GZ(I)4NE+0,) GO TO 130
120 CONTINUE
WRITE (649060} COUNT
CALL MONIT (COUNT,COST1¢PNALTY)
sTOP
130 WRITE (643070)
00 140 I = 145
WRITE (£19190) I+ALFA(I)BETA(I)
140  CONTINUE
COST2 = TOTAL

0000000000000 000000800000 CR 0000000000000 P00008esntocstocretgctr
. .
. STOP CRITERION «= MAXIMUM NUMBER OF ITERATIONS REACHED .
. .

OIS0 aP NIRRTt 00Nt ss 0000 00at0000000000e00 0080000000000 000900

IF (COUNT,LT.MAXIT) GO TO 30
WRITE (649200)
CALL MONIT (COUNT«COST1+PNALTY)
stTopP

150 HALF = 3

00000000000 0000000000000 0000000000008 E0RIEtERtIsInssRetoscsensroprte
.

.
. REOUCE SIZE OF STEP CHANGE BY HALF .

PP PP DPDPPLIDLDEDBDDIDDPDPPEDDPDPBEDIEDDDDPDLLIDPDEDPPDIIPDPPEDPDIDIPIBPPDIPDPDD

1720
1730
1740
1750
1760
1770
1780
1720
1800
1810
1820
4830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2030
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
€210
22290
€230
2240
2250
2260
2270
2280

1145447
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230

235

240

245

250

255

260

270

275

280

285

PROGRAM NOISE

(s XaXeNal

OoO0OOCO0O0N

OO0OO0O0O00O0000

737172 TS FTN 4.64452 o04/27/79

. IF COST HAS NOT DECREASED . A 2290
. . A 2300
VOGS0 000000000 0000068000008 0080 0000000000000 00 00000000 000000000p00" A 2310
A 2320

DO 170 J = 1+3 A 2530

00 160 I = 1+5 A 2340
ALFA(YI) = (ALFA(I)+ALFAOD(X))/2, A 2350

160 BETA(T) = (BETA(I)+BETAOD(I)) /2, A 2360
HALF = A 23570

WRITE (£+9210) HALF A €380

CALL COST (040+sXOCAPYOCAPsZOCAP«XFCAP+DLXCAP«THETA+PHI«TOTAL'PN A 2390

1 ALTY) A 2400
COosl2 = TOTAL A 2410

IF (COST2.LT,.COST1) GO TO 100 A 2420

170 CONTINUE A 2430
HALF = 4 A 2440
INVEX = 1 A 2450

00 180 I = 145 A 2460
DALFA(I) = =DALFA(I) A 2470

180 OBETA(I) = =DBETA(I) A 2480
A 2490

0 0 e PP NPttt e000000 0000000 a000000000000000000000000000 A 2500
. 0 A 2510
. PERTURB CURVE IN THE OPPOSITE DIRFCTION . A 2520
. . A 2530
0808800000000 000000 0000000000000 0 0000000000000 0 0000000000000 000p00 Azb“o
A 2550

60 To 50 A 2560

190 00 200 I = 145 A 2570
IF (AGY(I).LT.0s) GO TO 220 A 2980

IF (BGY(I).LT,0,) GO TO 220 A 2590

IF (AGZ{(I).LT.0+) GO TO 220 A 2600

IF (BGZ(I)eLT.0.) GO TO 220 A 2610

200 CONTINUE A 2620
WRITE (6+9080} A 2630

DO 210 I = 145 A 2640
ALFALI) = ALFAOD(I) A 2650

210 BETA(I) = BETYAOD(I) A 2660
CALL COST (0+s14XOCAPYOCAP+ZOCAP ¢ XFCAPIDLXCAP+THETA«PHI«TOTALPNAL A 2670
17Y) A 2680
CALL, MONIT (COUNTsCOST1+PNALTY) A 2690
sTof A 2700

220 BGYMAX = ABS(BGY(1)) R 2710
BGZMAX = ABS(BGZ2(1)) A 2720

D0 230 I = 2+5 A 2730

IF (BGYMAX.LT.ABS(BGY(I))) BGYMAX = ABS{BGY(I)) A 2740

230 IF (BGZVMAX,LT.ABS(BGZ(I))) BGZMAX = ABS(BG2(I)) A 2750
240 WRITE (649210) HALF A 2760
A 2770

R N R P NN R NN RN PR T P Y PN RN ] A 2780
. . A 2790
. CHECK EACH GRADIENT COMPONENT TO DETERVINE SIZE . A 2800
. OF STEP CHANGE . A 2810
. . A 2820
5 0 000 0P 0t 0000080000080 e0eT000T0000000 0000000000000 A 2830
A 2840

DO 320 I = 145 A 2850
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PROGRAM NOISE

290
295
2590
300 260
270
305
280
310 290
300
315
310
320
320
1
325
!
330
335 330
340
340

737172 TS

IF (HALF.EQ7) GO TO 250

IF (GYMAXJNE.O0.) AY = YALLOW/G
IF (BGYMAX.NE.O.) BY = YALLOW/
IF (GZMAX.EQe04) AZ = 0,

IF (BGZMAX,EQ.0.) BZ = 0.

IF (GYMAX.EQe.Ds) AY = 0.

IF (BGYMAX.,EQ.0.) BY = 0.

IF (GZMAXWNE,D4) AZ = ZALLOW/G
IF (BGZMAX.NE.Oes) BZ = ZALLOW/
GO TO 260

AY = <DALFALI)
BY = DALFA(I)
AZ = ~DBETA(I)
BZ = DBETA(I)

IF (AGY(I)osLE.O.)
IF (BGY{I)eGE+Os)
IF (BGY(I)aLTe0e)
GO TO 290
IF (AGY(I)4LT40,)
IF (BGY(I)eGEe00)
IF (BGY(I)eLTe04?
GO TO 290
IF (AGY(I)(LT4BGY(I)) ALFALI)
IF (AGY(I1).GE.BGY(I)) ALFA(I)
IF (AGZ2(I).LE.O0¢) GO TO 300
IF (BGZ(I),GE.0s) BETA(I) = BE
IF (BGZ(I)elLTo0s) BETA({I) = BE
GO TO0 320
IF (AGZ(I)LT40.)
IF (BGZ(I)GEoO4)
IF (BGZ(1)eLT40s)
GO TO 320
BETA(I) =
CONTINUE

CALL COST (0+0¢XOCAP+YOCAP+ZO0CAP

TY)

COST2 = ToTAL

IF (COST2,LT.COST1) GO TO 420

HALF = HALF+1

IF {HALF.LY,7) GO 70 240

WRITE (6¢9210) HALF

GYMIN = AGY(1)

J =1

GZMIN = AGZ(1)

K * 1

DO 340 I = 245
IF (GYMINJLEJAGY(I)) GO TO 330
GYMIN = AGY(1)
J=1
IF (GZMINLLELAGZ(I)) GO TO 340
GZMIN = AGZ2(I)
K =1
CONTINUE

Dp 360 I = 145
IF (GYMINJLE.BGY(IY) GO TO 350
GYMIN = BGY(I)
J oz 1+8

G0 TO 270
ALFA(I) = AL
ALFA(I) = AL

GO To 280
ALFA(I) * AL
ALFA(I) = AL

GO TO 310
BETA(I) ® BE
BETA(I) = BE

BETA(I)=~AZ

FTN 464452

YMAX/FLOAT(HALF=3) AGY(I)
BGYMAX/FLOAT(HALF=3)*BGY(I)

ZMAX/FLOAT(HALF=3)%AGZ(])
BGZMAX/FLOAT(HALF=3)%BGZ2(TI)

FAOO(1)
FAOD(I)+BY

FAOD(I)
FADD(I)+BY

= ALFADDI(I) =AY
= ALFAOD(Y)+BY

TAOD(I)
TAOD(I)+B2

TAOD(I)
TAOD(I)+82

+XFCAP+OLXCAP+THETACPHI+TOTALPNAL

PBRPDPP PP DPDPPBPDPPPPIPRPRPPPRPPPEPIPPPPEPPRPRPPIIPIRDIPPPPREPPPDRPEREDDPDD

04 /27779

2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
5160
3170
3180
8190
3200
3210
3220
3230
3240
8250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
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345

350

355

360

365

370

375

380

385*

390

395

PROGRAM

[+
[

NOISE 737172 1S FTN Be64452 04/27/19
350 IF (GZMIN.LE.BGZ2(I)) GO TO 360 A 3430
GZMIN = BGZ(I) A 3440

K = I+5 A 3450

360 CONTINUE A 5460
IF ((GYMIN,LT+0.0),0R, (GZMINsLT.0,0)) GO TO 370 A 3470

CALL COST (042¢XOCAP(YOCAP+Z0CAPXFCAP+DLXCAPsTHETACPHIZTOTAL PNAL A 3480

1TY) A 3490
COUNT = COUNT+1 A 3500
WRITE (6419090) COUNT A 3510

CALL MONIT (COUNT+«COST1+PNALTY) A 3520

sTOP A 3530

370 DO 380 I = 145 . A 3540
ALFA(I) = ALFAOD(I) A 3950

380 BETA(I) = BETAOD(I) A 5560
IF ((GYMINsLT.0,0),AND.(GZMIN,GE,0,0)) GO TO 350 A 3570

IF ((GYMINGLTe04s)eANDs (GZMINGLT,0,)) GO TO 400 A 3580

IF (K.LC.5) BETA(K) = BETA(K)=DBETA(K) A 3590

IF (K,6T7.5) BETA(K=5) = BETA(K=5)+DBETA(K=5) A 3600

GO TO 420 A 3610

390 IF (J.LEW5) ALFA(J) = ALFA(J)=DALFA(JY) A 3620
IF (J.6T¢5) ALFA(J=S) = ALFA(J=5)+DALFA(Je5) A 3630

GO TO 420 A 3640

400 IF (J,LE.8) ALFA(J) = ALFA(J)=DALFA(J) A 3650
IF (J46Ts5) ALFA(J=5) & ALFA(J=5)+DALFA(J=5) A 3660

IF (KeLEsS) BETA(K) = BETA{(K)=DBETA(K) A 3670

IF (K4GT¢5) BETA(Ke5) = BETA(K=5)+DBETA(K=5) A 3680

CALL COST {0+0¢XOCAP+YOCAP+ZOCAP +XFCAP«DLXCAP+THETA'PHIZTOTALPNAL A 3690

17Y) A 3700
COST2 = TOTAL A 3710

IF (COST2,LT.COST1) GO TO 420 A 5720

DO 410 I = 145 A 3730

410  BETA(I) = BETAOD,I) A 8740
420 INDEX = 0 A 3750
CALL COST {0¢1¢XOCAP+YOCAP+ZOCAP +XFCAP+DLXCAPsTHETA+PHI+TOTALPNAL A 3760

17Y) A 3770

GO TO 100 A 3780

A 3790

A 3800

9010 FORMAT (SXy14HINITAL XeYe2% ¢3(F12,2+3X)07H METERS+/¢5Xe13HFINAL X A 3810
19Ye2Z8 +3(F22,293X)7TH METERS¢/15X+123HAIRPORT LOCATIONs Xe¥3 ¢2(F12 A 3820
2.2v3X) s 7H METERS) A 3830
9020 FORMAT (5x+43HPERTURB TRAJECTORY IN Y AND Z DIRECTONS BY +F6e2¢54 A 3840
1AND 4F6.2,42H METERS, RESPECTIVELY FOR CALCULATING GRADySHIENTS) A 3850
9030 FORMAT (13X e4HALFA,16X+4HBETA) A 3860
9040 FORMAT (10X+I3¢1PE16,944Xv1PEL16.9) A 3870
9050 FORMAT (////) A 3880
9060 FORMAT (////+1X913HAT ITERATION +12449H ALL GRADIENTS EQUAL TO A 3890
1 2ERDy PROGRAM STOPS) A 3300
9070 FORMAT (10X +2HNO1Xe4HALFA¢16X¢4HBETA) A 3910
9080 FORMAT (5Xs43HALL GRADIENTS PERTURBED BOTH DIRECTIONS > 0) A 3920
9090 FORMAT (1X+13HAT ITERATION +I2416H OPTIMUM REACHED) A 3930
9100 FORMAT (3A10¢/44A1p) A 3940
9110 FORMAT (1H1+20Xe3A104//04A1007/77) A 3950
9120 FORMAT (1X¢19HINFOAMATION INPUTS +//45X¢21HMAXTMUM ITERATION SETe1 A 3960
1H:«13) A 3970
9130 FORMAT (5X 47HMAXIMUM ALLOWED CHANGES PER ITERATON IN Y AND Z,27H A 3980
10IRECTIONSs RESPECTIVELY! +1PE1043+5H ANOC +1PE10,3,7H METERS) A 3990

11045447
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PROGRAM NOISE 737172 TS FTN 4464452 047277779 11,4547 PAGE 8

400 9140 FORMAT (SXe22HINITIAL ALFA AND BETAZ+/e13X¢4HALFA+16XeUHBETACS(/91 A %000
10XeI1e1X01PEL16.9+4Xe1PEL16,9)) A 4010

9150 FORMAT (////741X¢104ITERATION eI134//7¢8Xe14HTOTAL COST IS +1PE168¢9¢/ A 4020

145X122HTRUE ANNOYACE(NTI) IS +1PE16.9+¢/+5X+42HPENALTY DUE TO Al A 4030

2RCRAFT CONSTRAINTS IS 41PE1649+//) A 4040

405 9160 FORMAT (10X:I2417HTH Y-GRADIENT IS +1PE16.9) A 4050
9170 FORMAT (10X¢I2417HTH Z«GRADIENT IS +1PE16.9) A 4060

9180 FORMAT (////+1X+13HAT ITERATION +12+24H PERCENTAGE CHANGE IN CO¢33 A 4070

1HST LESS THAN ,001%. PROGRAM STOPS) A 4080

9190 FORMAT (10X+I142X01PEY6,9+4X11PE1649) A 4090

410 9200 FORMAT (10Xs41HREACH MAXIMUM ITERATION SET, PROGRAW STOP) A 4100
9210 FORMAT (10Xe7HHALF = 412) A 4110

9220 FORMAT (10X+10HTRAJECTORY ¢/ ¢10Xe12HX COORDINATE+8X+12HY COORDIVATE A 4120

148X412HZ COORDINATE+/+v12Xe THIMETER) ¢ 13X s TH(METER} ¢ 13X+ 7H(METER) } A 4130

9230 FORMAT {10X+3(1PE1649¢4X)) A 4140

415 END A 4150

450008 CM STORAGE USED T.828 SECANDS
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SUBROUTINE COST 737172 18 FTN 4464452 04/27/79

(2 Xs Xz EesNeRaNe Ny

OO0O0O0O000

OOO00O0O0

SUBROUTINE COST (IGRADJIWRITE.XOCAPYOCAP¢ZOCAP+XFCAP+OLXCAPTHETA
14PHI«TOTALWPNALTY)
COMMON ALFA(S)eBETA(S5)POSITI{5343)4ARRAY(5784+9) NMAP
COMMON /CURVE/ YCURVE(S51)+ADY(51}+,ADDY(51)
COMMON /AIRPORT/ XPORT,YPORT«ZPORT
COMMON /AC/ XeYe2Z
EXTERNAL FCN
PNALTY = 0.
XCAP = XOCAP
PI ATAN(Ls)*H,
ca PI/ABS(XFCAP=XO0CAP)
c3 ABS{XFCAP=X0CAP) /4,
D0 10 I = 1.NMAP
ARRAY (I+4) = O,
10 ARRAY(I,5) = 0,

600000000000 000000 0000000000000 0000000000000avstosetantoelossissentenes

.
. .
0 MULTIPLY BY EXPONENTIAL TERM SUCH THAT THE FINAL .
. HEADING OF AIRCRAFT IS TOWARD THE RUNWAY .

.
. .

P00 0000000000000 0000000000000 000000000000000000000c00%000000080 0000

D0 50 I = 151

Y2 = 1,-EXP(=(XFCAP«XCAP)/C3)

Y5 = (Y2-1,)/C3

Y9 = 0.0

Y8 = Y9

Y7 = Y8

Ye = Y7

Y3 = Y6
'l..l"..l....l.l.....Q.O'l'..l..'l...ll.ll.l...'l...l..'..".l"o'..
[ ] L ]
. GENERATEC SINE HARMaANICS .
L] [ ]

00 0000000 0000000800000 000000000 000000000000 00008000 00000000 000000000

DO 20 J = 145
TRIGOX = FLOAT{J)*(XCAP=XOCAP)*C2
Y3 = Y3+ALFA{J)*SIN(TRIGOX}

Y8 = YB+BETA(J)*SIN(TRIGOX)
Y6 = Y64FLOAT(J)*C2*ALFA(J)*COS(TRIGOX)
Y7 = Y7=FLOAT(JU*#2)%(C2%%2)*ALFA(J)*SIN(TRIGOX)

20 Y9 = YI+FLOAT(J)*C2*BETA(J)*COS(TRIGOX)
DLYCAP = Y2%Y3
DL2CAP = Y2%xY8
ZCAP = 20CAP+DLZCAP
YCAP = DLYCAP+YCURVE(I)

0000000000 000000000000000000000000000000000008 00000000t ostosesosrenssnse
0 .
0 AIRCRAFT CONSTRAYNTS .
. .

S0 000 000 0000000000 0000000000000 00 0000000000800 000000000t 0000000003000

OY = Y24Y64Y3¢Y5

mcmmmmmmummmmmammmcmmmmmmmacmmmmuwmmmmammmmmmmmmcmmmmmmma

10
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50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
580
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
sS40
550
560
570
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o1-¢

60

65

70

75

80

85

S0

95

100

108

110

SUBROUTINE COST 737172 1S

[sXsXsNelasNeNe

o000 00

DY = OY+ADY(I)

DDY = Y24Y742,%Y5%Y6+Y3*Y5/C3
DDY = ODDY+ADDY(I)

DDY = DDY/Z(1+4DY*#2)

DZ = Y2+Y9+Y5+Y8

DZ = DZ+TAN(PHI)

Dz = 0.

PNALTY = PNALTY+(DDY/.001)*%(20)+{DZ/+14)%x(20)
X = XCAP*COS(THETA)*COS(PHI)=YCAP*SIN(THETA)=2CAP*COS(THETA)*SIN
1 (PHI}
Y = XCAP*SIN(THETA)*COS(PHI)+YCAP*COS(THETA)=ZCAPSSIN(THETA)*SIN
1 (PHI)
Z = XCAP#SIN(PHI)+ZCAP*COS{PHI}
DO 40 K = 1+NMAP
RANGE = ((X=ARRAY(Ko¢1))*%24(YeARRAY (K2} )2x2426%2)%%,5
DB = 115,%22,5%xAL0G10(3.281%RANGE/500,)
IF (DBJLEARRAY(Ke4)) GO TO 4o
ARRAY(X+4) = n
IF (ARRAY(Ks#4)eLT¢554) GO TO 40
IF (ARRAY(K¢3).,EQ,0+) GO TO 30

P 0P 0000 et er N tierreestonsatosstoersentesetf®ene®ots®ennierionenes
. .
N ANNOYANCE INTEGRATION OVER A SINGE BLOCK .
. .
000 0 00000000000 e0000ecttcrnetenetionsenesentinadd®sietetndonctsnneoorse

SMALLP = ARRAY(Ke¢3)/ (ARRAY(Ke¢7)=ARRAY(K¢6))/ (ARRAY(K+9)=ARRAT(
1 Ke8))
CALL GAUSS (ARRAY(Ke¢6)+1ARRAY(K+7) ARRAY(K+B) ¢ARRAY(Ke9)1FCNIIE
1 mMP)
ARRAY (X¢5) = TEMP*SMALLP
GO TO 40
30 ARRAY (K:5) = 0,
40 CONTINJE
IF (IWRITE.EQ.0) GO TO 50
11 =1
POSIT(IIs1)
POSIT(II«2)
POSIT(II+3) 4
50 XCAP = XCAP+DLXCAP

X
Y

50 0000000000000 0e0 0000000000000 0000000000a000000 0000000000800 0 0000000
. .
. TOTAL POPULATON EXPOSED TO NOISE ABOVE 55 EPNDB .
. .
000 000000000000 000000000008000000000000000080000 0000000t atorcssrnpone

PEOPLE = 0.

DO 60 K = 1.NMAP
IF (ARRAY(K+5)+EQe040) GO TO 60
PEOPLL = ARRAY({Ke3)+PEOPLE

60 CONTINUE

FX = 04

D0 70 K = 1+NMAP
ARRAY{Ky5) = ARRAY(K:5)/PEOPLE
FX a FX4ARRAY{K:S)

mmummmmmmmmacmammmmmmmmmwmmmammcmcmccmmmmmmammmmmmcmmmmwm

FTN 4eb+452 04727719

580
990
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
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SUBROUTINE COST 737172 18

115 70 CONTINUE
ToTAL = FX+PNALTY
RETURN
END
410008 CM STORAGE USED +874 SECONDS

FTN 4eb44352

04/27/79

8 1150
B 1160
B 1170
B 1180

11,4547

PAGE
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%410008 CM STORAGE USED

SUBROUTINE

[z NeNaNsNaNeNel

MONIT 737172 TS FTN %e64452 04/27/779

SUBROUTINE MONIT (TA«AABB)

COMMON ALFA(S) +BETA(S) POSIT{S3¢3)+ARRAY(578¢9) ¢+ NMAP
COMMON /LABEL/ LINFO(4)LLOC(3)

COMMON /SCALE/ XMINGXINCeYMIN,YINC

DIMENSION PCRIT(10)

ODIMENSION XM{1026), YM{1026)

DIMENSION XP(53)s YP(53)s ZP{53)s NA(S}e NB(3}
EQUIVALENCE (XM(1)«ARRAY(191))e (YM(1)+ARRAY(1+2))
EQUIVALENCE (XP(1)+POSIT(241})s (YP(1) POSIT(1,2})¢ (ZP(1)¢POSITI(1
1+3))

DATA NB/10OHTOTAL POPU+10HLATION ANN«IHOYANCE = /

IOI..l"....l..'..l..I.I.....Ql'.."......!.......0.'....'.'...""..
. L]
+ DOCUMENTATION *
L] (]

S 00000000 00000 0000000000000 00itttosnt®eesstondtaness tetacsitsrsnngoscse

CC = AA-BB
WRITE (6+9010)
WRITE (6+9020) IA+AACC+BB
DO 10 I = 1451
WRITE (6¢9030) (POSIT(Ie«J)ed=143)
10 CONTINUE
WRITE (649040)
00 20 I = 1.NMAP
WRITE (649050) (ARRAY(IeJ)0JZ145)
20 CONTINUE
WRITE (9749060) ((POSIT(I+J)1J=1+43)e¢I=1051)
WRITE (97,9070) (({ARRAY(IsJ)1J=1+5)+I=1¢NMAP)
RETURN

c
9010 FORMAT (10X+5SHOPTIMUM TRAJECTORY FOR LANDING AT PATRICK HENRY AIR

1PORT,//+10X+59HNOISE BELOW 55 EPNDB IS CONSIDERED NOT NOISY. ANNUY
2ANCE = 0¢/+10X923HUNIT FOR NOISE IS EPNDS./+10X+50HUNIT FOR COORUI
ZNATES+ AIRCRAFT TRAJECYORY IS METER+//)

9020 FORMAT (10X+13HAT ITERATION ¢I2+/¢15Xe14HTOTAL COST IS ¢1PE16,9¢/,
115X¢23HTRUE ANNOYANCE(NIT) IS +1PE16,9¢/+15X+11HPENALTY IS (1PE16,
294//410X+18HOPTIMUM TRAJECTORY¢/¢10X912HX COORDINATE18X¢12HY COUKD
3INATE+8Xe312HZ COORDINATE /912X e TH(METER) +13X s THIMETER) 113X e TH(METE
4R))

9030 FORMAT (10X+3(1PE16.9e4X))

9040 FORMAT (//+10Xe32HPOPULATION=NOISE=ANNOYANCE CHART /110X ¢10HX=POST
1TIONV5X+30HY=POSITIONs5X¢10HPOPs INDEX+5X+11HNOISE LEVELe4XsIHANNO
2YANCE)

9050 FORMAT (10X +13(F1043+5X)¢2(1PE104345X))

9060 FORMAT (3E12.6)

9070 FORMAT (5E12.6)

END

+284% SECQNDS

ﬂ¢1ﬂ(1ﬂ(1ﬂ(ﬂﬂl1nt1ﬂ(7ﬂ(1nt1ﬁ(1ﬂ(1ﬂlﬁﬁ(ﬁﬂf’0(1ﬂ(ﬁﬂ(1ﬂ¢1ﬂt1ﬁ(ﬂﬂ(1n¢1n¢1ﬂiﬁﬁ
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110
120
130
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150
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170
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220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
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10

15

20

410008 CM STORAGE USED

SUBROUTINE GAUSS

OO0OOO0OMN0

737172 1S FIN 4e64452

SUBROUTINE GAUSS (XN¢XXsYNeYXsFCNoFINT)

COMMON /AC/ XAsYArZA

DIMENSION X(S)e Y4Z)e F(5)e XI(S)}s W(S)

DATA XIsWeN/=0,577350269104577350269¢0¢010¢1,¢1440400002/

00 0000000000000 000000000008000 00000 aatnect®sttscstosntottocsnsogptss

.
.

GAUSSIAN QUADRATURE INTEGRATION WITH FOUR POINTS

0000000000000 00 000 00000800000 060000000000actoostinstosatogecessongies

10

20

30

DO 10 I = 1.«N
YOI) = (YX=YN)/2,#XI{I)+(YX+VYN) /2,

X(I) = (XXeXN)/2,XI(I)+(XX+XN)/2,
FINT = 0,
DO 30 J = 14N

F(J) = 0.

D0 20 I = 1N

FCJ) = FULISWITIFCNIX(T}aY (D))
FLJ) = FIJI®(XX=XN)/2,
FINT = FINT+W(J)*F(J)

FINT = FINT*(YX=YNy/2
RETURN
END

«186 SECONDS

04/27779

0ODTCOCOoCOCCOOoOOCCCOODOODCOROCC
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71-4

FUNCTION FCN 737172 TS FTN 464452 04/27/79
FUNCTION FCN {XeY) £ 10

COMMON ZAC/ XA«YAWZA £ 20

RANGE = SQRT{(X=XA)*$2+(Y=YA)%s2+42A%42) t 30

ARG = 129,12-22,5*AL0G10 (RANGE) £ 40

5 FCN = (3¢36E=6%10e%%{,103%ARG)II/(,2%10e%%(s03%ARG)+1,43E-U4*10,%%l, E 50
108%ARG)) £ 60

RETURN 3 70

END € 80

410008 CM STORAGE USED

«100 SECONDS

11,4547
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q1-4d

>>> COST REPORT FOR LISTOAF <<¢

04/27/79
RESOURCE BILLING RATE
CENTRAL PROCESSOR - $105.,00 /HOUR
>t RIPHERAL PROCESSOR 20,00 /HOUR
1/0 80,00 /HOUR
FIELD LENGTH 3,00 /KILO=WRD=HOUR

(BASIC COST EXCLUDES LINES PRINTED, CARDS PyNCHED
AND PLOTTER TIME CHARGES)

JOB PRIORITY 3 PRIORITY COST FACTOR 1,00

11,4559
UNITS USED
94314 Cp SECONDS
9.737 PP SECONDS
24926 10 SECONDS
205.576 KILO-WRD-SECS,

BASIC COST

APPROXIMATE ADJUSTED COST

AS OF LAST ACCOUNT UPDATE, ACCOUNT EXPIRES 04/30/79, FUNDS LEFT s 6037,31

04/27/79 UVA NOS/BE 1.2 LCVEL 454-03/11/78
11,45.,47.,LISTOAF FROM *GD/AB
11,45.47,LISTeM3117A4T100,
11,45.,47.ATTACH+QINEWTIDY,
11,45,47.,PF CYCLE NO. = 002
11,45,47FTN(I=Q)

11.45,59. 450008 CM STORAGE USED

11.45,59. 9,292 CP SECONDS COMPILATION TIME
11,45,59, STOP

11,46,00,EJ END OF JOB+ AB

PRINT COST $000,88 LISTOAF //// CND OF LISY ///7

0000803 LINES

—

LOST

H 27
.05
'07
17

+56

56
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UNIVERSITY OF VIRGINIA
School of Engineering and Applied Science

The Unwersity of Virginia’s School of Engineering and Applied Science has an undergraduate
enrollment of approximately 1,000 students with a graduate enrollment of 350 There are approximately
120 faculty members, a majority of whom conduct research in addition to teaching

Research 1s an integral part of the educational program and interests parallel academic specialties
These range from the classical engineering departments of Chemtcal, Cwil, Electrical, and Mechanical to
departments of Biomedical Engineering, Engineering Science and Systems, Materials Science, Nuclear
Engineering, and Applied Mathematics and Computer Science In addition to these departments, there are
interdepartmental groups in the areas of Automatic Controls and Applied Mechanics All departments offer
the doctorate, the Biomedical and Materials Science Departments grant only graduate degrees

The School of Engineering and Applied Science 1s an integral part of the University (approximately
1,400 full-time faculty with a total enroliment of about 14,000 full-time students), which also has
professional schools of Architecture, Law, Medicine, Commerce, and Business Administration In addition,
the College of Arts and Sciences houses departments of Mathematics, Physics, Chemistry and others
relevant to the engineering research program This University community provides opportunities for
interdisciphinary work in pursuit of the basic goals of education, research, and public service
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